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(£) Process for producing heat-resistant optical elements. 



(57) In a process for producing an optical element comprising a light transmitting substrate, an alignment 
film formed on the substrate and a layer of a liquid crystalline polymer formed on the alignment film, or 
in a process for producing an optical element, involving transferring a layer of a liquid crystalline 
polymer formed on an orientating substrate onto a light transmitting substrate, the said liquid 
crystalline polymer being a heat-polymerizable polymer which exhibits a nematic orientation or a 
twisted nematic orientation in the state of liquid crystal and which assumes a glassy state at a 
temperature below the liquid crystal transition point thereof, the liquid crystalline polymer layer is 
heat-treated at at least one of: during an orientating treatment; or after fixing of the orientation 
obtained ; or, if appropriate, after the transfer. 
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Background of the Invention 

The present invention relates to a process for producing a heat-resistant optical elements comprising a 
liquid crystalline polymer, The optical element is useful in the fields of displays, opto electronics and optics. 

5 Liquid crystalline polymers are optically anisotropic and can take various molecular orientation structures 

as compared with polymers used commonly, and it is known that they can be utilized as various optical ele- 
ments by fixing such structures thereof. Particularly, an optical element having a helical (twisted) structure in 
the interior of film can be attained by only an optical element using a liquid crystalline polymer. Thus, it is pos- 
sible to produce optical elements having characteristics which cannot be attained by conventional optical efe- 

10 ments. It is also possible to form optical elements on various substrates by a method wherein a liquid crystalline 
polymer layer is oriented on an orientating substrate, and fixing, it is transferred onto a light transmitting sub- 
strate. 

As optical elements using a liquid crystalline polymer, the present inventors have proposed a viewing angle 
compensator for liquid crystal display having a helical (twisted) structure in the interior of film (Japanese Patent 

15 Laid Open No, 87720/1991) and an optical rotator (Japanese Patent Application No, 126962/1990). These opt- 
ical elements exhibit a high performance which has not been attained by the other conventional optical ele- 
ments, and those formed on polymer films are light in weight, thin and highly flexible and thus are epoch-mak- 
ing optical elements which also have the characteristics that are peculiar to the polymer films. At high tem- 
peratures, however, although those optical elements are stable as long as an external force is not applied t here- 

20 to, there occurs a flow of the liquid crystalline polymer layer once even a slight external force is exerted thereon 
because the liquid crystalline polymer possesses fluidity, resulting in the orientation structure of the liquid crys- 
talline polymer being destroyed thus making it impossible to maintain a predetermined optical performance. 
Consequently, restrictions have been placed on working environmental conditions and secondary processing 
conditions for the optical elements as well as conditions for mounting the optical elements to devices. There- 

25 fore, in the case of the conventional optical elements using liquid crystalline polymers, it is difficult to apply 
them to display elements to be mounted on vehicles and projection type liquid crystal displays for which is re- 
quired a high heat resistance in their working environment. Further, in the manufacturing process for optical 
and display devices using optical elements containing liquid crystalline polymers, the maximum temperature 
in the process is limited. 

30 It is the object of the present invention to solve the above-mentioned problems of the prior art. 

Having made extensive studies for overcoming such problems of optical elements using liquid crystalline 
polymers, the present inventors found out that such problems were attributable to the necessity of using a liquid 
crystalline polymer in a state of high fluidity to orientate the polymer during the fabrication of an optical element 
using the liquid crystalline polymer and to the necessity of keeping the polymer's fluidity low after the end of 

35 the orientation. More particularly, according to the finding of the present inventors, if heat treatment is per- 
formed during the orientating treatment for the liquid crystalline polymer or after fixing of the orientation ob- 
tained or after transfer, it is possible to orientate the liquid crystalline polymer, reduce the fluidity thereof wh3e 
maintaining the orientation structure and impart heat resistance to the optical element, 

40 Summary of the Invention 

In a first aspect of the present invention there is provided a process for producing an optical element com- 
prising a light transmitting substrate, an alignment film formed on the substrate, and a film formed of a layer 
of a heat-polymerizabie liquid crystalline polymer which exhibits a nematic or twisted nematic orientation in 

45 the state of liquid crystal phase and assumes a glassy state at a temperature below a liquid crystal transition 
point thereof, the said process being characterized in that the liquid crystalline polymer layer is heat-treated 
at a polymerization proceeding temperature of the liquid crystalline polymer during an orientating treatment 
and/or after fixing of the orientation obtained. 

In a second aspect of the present invention there is provided a process for producing an optical element 

50 by transferring a layer of a heat-polymerizable liquid crystalline polymer formed on an orientating substrate 
onto a light transmitting substrate, the heat-polymerizable liquid crystalline polymer exhibiting a nematic or 
twisted nematic orientation in the state of liquid crystal phase and assuming a glassy state at a temperature 
below a liquid crystal transition point thereof, the said process being characterized in that the liquid crystalline 
polymer layer is heat-treated at a polymerization proceeding temperature of the liquid crystalline polymer at 

55 at least one of the stages of during an orientating treatment, after fixing of the orientation obtained and after 
the transfer. 

According to the process of the present invention for producing a heat-resistant optical element using such 
liquid crystalline polymer, it is possible to impart heat resistance to the optical element while maintaining a high 
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optical performance because the liquid crystalline polymer is used in a state of high fluidity and high orient- 
ability during the orientating treatment 

Detailed Description of the Invention 

The present invention will be described in detail hereinunder. 

It is essential for the liquid crystalline polymer used for the optical element according to the present in- 
vention to have properties which will now be explained. For stable fixing of a nematic or twisted nematic ori- 
entation, it is important that, in the phase series of liquid crystal, there be no crystal phase in a lower temper- 
ature portion than the nematic or twisted nematic phase. In the event of presence of a crystal phase in such 
lower temperature portion, an inevitable passage through the crystal phase at the time of cooling for fixing 
results in destruction of the nematic orientation or twisted nematic orientation once obtained. It is therefore 
essential for the liquid crystalline polymer to have not only a good orientabiiity based on an interface effect 
but also a glass phase in the lower temperature portion than the nematic phase or twisted nematic phase. 
Further.in order to prevent the flowing of the liquid crystalline polymer on heat treatment and improve its heat 
resistance, it is necessary for the liquid crystalline polymer to undergo heat polymerization. The "heat poly- 
merization*' as referred to herein indicates polycondensation with heat and/or crosslinking with heat. 

Liquid crystalline polymers which exhibit a twisted nematic orientation are classified into two, one being 
a polymer which per se contains an optically active group and which exhibits a twisted nematic phase and the 
other being a mixture of a base polymer not containing an optically active group with another optically active 
compound which mixture exhibits a twisted nematic phase. 

In the present invention it is possible to use any of heat-polymerizable liquid crystalline polymers which 
exhibit a nematic orientation or a twisted nematic orientation in the liquid crystal phase and assumes a glassy 
state at a temperature below their liquid crystal transition points. As examples of those which exhibit a nematic 
orientation there are mentioned main chain type liquid crystalline polymers such as polyesters, polyamides 
and polyester-imides. As examples of those which exhibit a twisted nematic orientation there are mentioned 
optically active, main chain type liquid crystalline polymers, e.g. such polyesters, polyamides and polyester- 
imides as are optically active, as well as polymers comprising main chain type liquid crystalline polymers which 
are not optically active, e.g. such polyesters, polyamides or polyester-imides as are not optically active, and 
other low or high molecular, optically active compounds. Above all, in view of the easiness of preparation, ori- 
entabiiity and glass transition point, polyesters are particularly preferred. Most preferred polyesters are those 
which contain ortho-substituted aromatic units as constituents, but also employable are those which contain 
aromatic units having bulky substituent groups or aromatic units having fluorine or fluorine-containing sub- 
stituent groups, as constituents in place of such ortho-substituted aromatic units. The "ortho-substituted aro- 
matic units" as referred to herein means structural units wherein main chain-constituting bonds are ortho to 
each other. Examples are the following catechol, salicylic acid and phthalic acid units as well as substituted 
derivatives thereof including: 
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wherein X represents hydrogen, halogen, e.g. CI or Br, an alkyl or alkoxy group having 1 to 4 carton atoms, 

or phenyl, and k is 0 to 2. 

The following are particularly preferred: 




0 0 
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Me : methyl 
Et : ethyl 
Bu : butyl 

Also, as examples of the polyester used preferably in the present invention there are mentioned those 
is containing as repeating units (a) a structural unit derived from a diol (hereinafter referred to as "did compo- 
nent") and a structural unit derived from a dicarboxylic acid ("dicarboxyiic acid component" hereinafter) and/or 
(b) a structural unit derived from a hydroxycarboxyfic acid ("hydroxycarboxylic acid component" hereinafter) 
containing both carboxyl and hydroxyl groups in one unit Preferably, these polyesters further contain the fore- 
going ortho-substituted aromatic unit. 
20 As examples of the diol component there are mentioned the following aromatic and aliphatic diols: 



25 




wherein Y represents hydrogen, halogen, e.g. CI or Br, an alkyl or alkoxy group having 1 to 4 carbon atoms, 
30 or phenyl, and t is 0 to 2, 
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55 

-CMCH 2 4-i- o- 

( n is an integer of 2 to 12 ), 
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The following are particularly preferred: 




- 0-CH 2 -CH 2 -0-, 
-0{CH 2 -H- 0-. 

CHj 

I 

— 0 - CH 2 - CH - CH 2 - CH? - 0 — 
-0(CH 2 ),0-. 

As examples of the dicarboxylic acid component, the following may be mentioned: 



0 0 




Z. 
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wherein Z represents hydrogen, halogen, e.g. CI or Br, an aikyf or alkoxy group having 1 to 4 carbon atoms, 
or phenyl, and m is 0 to 2, 
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The following are particularly preferred: 
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The dicarboxyiic acid to diol mole ratio is preferably approximately 1 : 1 like that of polyesters commonly 
used (carboxy! to hydroxy! ratio in the case of using a hydroxycarboxytic acid). The proportion of ortho-sub- 
stituted aromatic units in the polyester is preferably in the range of 5 to 40 mole%, more preferably 10 to 30 
mo!e%. In the case where the said proportion is smaller than 5 mole%, a crystal phase tends to appear under 
the liquid crystal phase, so such proportion is not desirable. A proportion largerthan 40 mole% is not desirable, 
either, because the polymer will no longer exhibit liquid crystallinity. The following are typical examples of poly- 
esters which may be used in the present invention: 

Polymer consisting essentially of the following structural units: 
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Polymer consisting essentially of the following structural units: 
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Polymer consisting essentially of the following structural units: 
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Polymer consisting essentially of the following structural units: 
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Polymer consisting essentially of the following structural units: 
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Polymer consisting essentially of the following structural units: 
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Also preferred are polymers which, in place of ortho-substituted aromatic units, contain as repeating units 
such bulky substituent-containing aromatic units or aromatic units containing fluorine or fluorine-containing 
substituents as shown below: 
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The polymers exemplified above range In molecular weight preferably from 0.05 to 3.0, more preferably 

40 0.07 to 2.0, in terms of inherent viscosity as determined at 30°C in a solvent, e.g. a mixed phenol/tetrachioro- 
ethane [60/40 (weight ratio)] solvent. An inherent viscosity lower than 0.05 is not desirable because the 
strength of the resulting film of polymer liquid crystal will be low, while if the inherent viscosity is higher than 
3.0, there will arise such problems as the deterioration of orientatability and an increase of the time required 
for orientation because of too high viscosity during the formation of nematic or twisted nematic structure. 

45 How to prepare the polymer used in the present invention is not specially limited. There may be adopted 
any of the polymerization processes known in this field, e.g. a melt polymerization process or an acid chloride 
process using an acid chloride of a corresponding dicarboxylic acid. 

According to a melt polycondensation process, the polyester can be prepared by polymerizing a corre- 
sponding dicarboxylic acid and an acetylated compound of acorresponding diol at a high temperature and in 

so a high vacuum. The molecular weight thereof can be adjusted easily by controlling the polymerization time or 
. the feed composition. For accelerating the polymerization reaction there may be used a known metal salt such 
as sodium acetate. In the case of using a solution polymerization process, the polyester can be prepared easily 
by dissolving predetermined amounts of a dicarboxylic acid dichloride and a diol in a solvent and heating the 
resulting solution in the presence of an acid acceptor such as pyridine. 

55 An explanation will now be made about an optically active compound which is incorporated in the nematic 
liquid crystalline polymers exemplified above for imparting twist thereto. Typical examples are optically active 
low-molecular compounds. Any compound having optical activity can be used in the present invention, but 
from the standpoint of compatibility with the base polymer it is desirable to use optically active, liquid crystalline 
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compounds. The following are concrete examples: 
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C a H 2 . + 1 0 — ^y^Q^ QCH 2 ^(O^)" C00CHC6 H 
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C a H 17 0 ~^^>""^0^~ 0CH 2 -CH-(CH 2 ) 



3CH3 



CH 3 



C, ,H 2 30 ^{~ U J r ^(^y- °~ CH2 - CH - C 2 H 5 
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cholesterol derivatives. 

As examples of the optically active compound used in the present invention there also may be mentioned 
optically active high-molecular compounds. Any high polymer may be used if only it contains an optically active 
group in the molecule, but when the compatibility with the base polymer is taken into account, it is desirable 
to use a high polymer which exhibits liquid crystallinity. Examples aie the following liquid crystalline polymers 
having optical activity: polyacrylates, polymethacrylates, polymalonates, polysilolxanes, polyesters, polya- 
mides, polyester amides, polycarbonates, polypeptides, and cellulose. Above all, from the standpoint of com- 
patibility with the liquid crystalline polymer serving as the base, mainly aromatic, optically active polyesters 
are most preferred. Examples are the following polymers: 

Polymers comprising the following structural units: 




Polymers comprising the following structural units: 
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Polymers comprising the following structural units: 
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f.O{CH 2 -fc- 0} (n=2-12) 
Polymers comprising the following structural units: 
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Polymers comprising the following structural units: 
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Polymers comprising the following structural units: 
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Polymers comprising the following structural units: 
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Polymers comprising the following structural units: 
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Polymers comprising the following structural units: 
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In each of these polymers, the proportion of the unit having an optically active group is usually in the range 
of 0.5 to 60 moie%, preferably 5 to 60 mole%. 

These polymers preferably range in molecular weight from 0.05 to 5.0 in terms of inherent viscosity as de- 
termined at 30°C in phenol/tetrachloroethane for example. An inherent viscosity larger than 5.0 is not desirable 
55 because of too high viscosity which eventually causes deterioration of orientatability. An inherent viscosity 
smaller than 0.05 is not desirable, either, because it becomes difficult to control the composition. 

Such a predetermined ratio by a solid mixing, solution mixing or melt-mixing method. The proportion of 
the optically active component in the composition is in the range of preferably 0 to 50 wt%, more preferably 0 
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to 30 wt%, although it differs depending on the proportion of optically active groups contained in the optically 
active compound. If the proportion of the optically active compound is more than 50 wt%, the compatibility of 
the optically active compound and the polyester containing ortho-substituted aromatic units is bad in the liquid 
crystal state thereby exerting a bad influence on the orientation. 

5 The polarizing optical element of the present invention can also be prepared by using a polymer liquid crys- 
tal which provides a uniform, twisted nematic orientation of monodomain for itself without using any other opt- 
ically active compound and which permits the state of such orientation to be fixed easily. It is essential that 
the polymer in question has an optically active group in molecule thereof and be optically active. Examples 
are main chain type liquid crystalline polymers such as polyesters, polyamides and polyester imides. Polyesters 

10 are particularly preferred in point of easiness of preparation, superior orientatability and high glass transition 
point. Most preferred polyesters are those which contain ortho-substituted aromatic units as constituents. But 
also employable are polymers which, in place of such ortho-substituted aromatic units, contain as constituents 
bulky substituent-containing aromatic units or aromatic units having fluorine or fluorine-containing substituent 
groups. These optically active polyesters can be obtained by introducing in the liquid crystalline polyesters so 

is far explained such optically active groups as shown below using diols, dicarboxylic acids and hydroxycarboxylic 
acids (the * mark in the following formulae represents an optically active carbon): 
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0 CH 3 0 0 CH 3 0. 

u in u i ii 

C-CHCH 2 C- , -C CH 2 CHCH 2 CH 2 C- , 



0 CH 3 0 CH 3 

10 " 1 II f 

-C CHCH 2 CH 2 0- , -C-CH 2 CHCH 2 CH 2 CH 2 0- 



0 CH 3 
ii I 

- C -CHCH 2 CH 2 CH 2 0- 



CH 3 CH 3 
I i 

— 0- CH 2 CH — CHCH 2 0- 
* * 

The molecular weights of these polymers are in the range of preferably 0.05 to 3.0, more preferably 0.07 
to 2.0, in terms of intrinsic viscosity as determined at 30°C in, for example, a mixed phenol/tetrachloroethane 
(60/40) solvent. A smaller intrinsic viscosity than 0.05 is not desirable because the strength of the resulting 
high molecular liquid crystal will be low, while if the intrinsic viscosity is larger than 3.0, there will arise problems 
30 such as the deterioration of orientability and an increase of the time required for orientation because of too 
high viscosity during the formation of liquid crystal. 

These polymers can be prepared by the foregoing melt polycondensatbn process or acid chloride process. 

The following are typical examples of the liquid crystalline polymer used in the present invention described 
above. 

35 Polymers represented by: 



40 

CH 3 
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45 



m/n = usually 99.9/0.1 to 80/20, preferably 99.5/0.5 to 90/10, more preferably 99/1 to 95/5 
Polymers mixtures represented by: 
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55 
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(A) 



(B) 



-^OC "^)— C0 j -f 0CH 2 f CH 2 CK 2° jr 

-pO(CH 2 ) 8 0 ^- 



(A)/(B) = usually 99.9/0.1 to 80/20 (weight ratio), 
preferably 99.5/0.5 to 85/5, more 
preferably 99/1 to 95/5 

k = I + m 

l/m = 75/25 to 25/75 
p = q + r 

p/q = 80/20 to 20/80 

Polymer mixtures represented by : 



(A) 



CH 
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_|_ o C00— fo)~ OCOCH 2 C(CH 2 ) 2 -Coj- 



-j— 0 — ^Q^v- COO— /p^>- 0C0 (CH? )uCO -j-^ 



(B) 



CH, 



OC-^CT) (^o)-Coj- -j- OCH 2 CHCH 2 CHjO -j— 



-4- 0(CH 2 ) e 0 -j- 



(A)/(B) = usually 99.9/0.1 to 80/20 (weight ratio), preferably 99.5/0.5 to 65/5; more preferably 99/1 to 95/5 
k = f + m 

llm = 75/25 to 25/75 
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p = q + r 

p/q = 80/20 to 20/80 

Polymer mixtures represented by: 
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20 

(B) cholesteryl benzoate 

(A)/(B) = usually 99.9/0.1 to 70/30 (weight ratio), preferably 99.5/0.5 to 80/20, more preferably 99/1 to 90/10 
m = k + f 
25 k/f = 80/20 to 20/80 

Polymer mixtures represented by: 



(A) 



30 
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40 (8) 

-f- oc-^o>-ccj- -f o -(o)-o j- 

45 CH S 

-40(CH 2 )2CH(CH,)jO-U 

50 

(A)/(B)= usually 99.5/0.1 to 70/30 (weight ratio), preferably 99.5/0.5 to 80/20, more preferably 99/1 to 90/10 
k = F + m 

ttm = 25/75 to 75/25 
p = q + r 
55 p/r = 20/80 to 80/20 

The mark * represents an optically active carbon. 

The first heat-resistant optical element producing process according to the present invention is carried 
out in such a manner that, in an optical element basically constituted by a laminate structure comprising a light 
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transmitting substrate, an alignment film formed on the light transmitting substrate and a liquid crystalline poly- 
mer film formed on the alignment film, the liquid crystalline polymer layer is heat-treated at a heat- 
polymerization proceeding temperature of the liquid crystalline polymer during orientating treatment and/or 
after fixing of the orientation obtained. 

5 As the light transmitting base there may be used, for example, glass sheet, light transmitting plastics fim 
or plastics sheet. As to the plastics substrate, it is preferably optically isotropic. For example, there may be 
used polymethyl methacryfate, polystyrene, polycarbonate, polyether sulfone, polyphenylene sulfide, poiyo- 
lefin, or epoxy resin. As the alignment film, a polyimide film which has been subjected to a rubbing treatment 
is suitable, but, of course, there also may be used alignment films which are known in this field such as, for 

10 example, an obliquely vapor-deposited film of silicon oxide and a rubbing-treated film of polyvinyl alcohol. Fur- 
ther employable is an alignment film obtained by rubbing the light transmitting substrate directly. On the align- 
ment film formed on the light transmitting substrate there is formed a layer of a nematic liquid crystalline poly- 
mer or a layer of a twisted nematic liquid crystalline polymer. 

First, a nematic liquid crystalline polymer or a twisted nematic liquid crystalline polymer is dissolved in a 

15 solvent at a predetermined ratio to prepare a solution. The solvent to be used differs depending on the kind 
of polymers used, but usually there may be used any of ketones such as acetone, methyl ethyl ketone and 
cyciohexanone, ethers such as tetrahydrofuran and dioxane, halogenated hydrocarbons such as chloroform, 
dichloroethane, tetrachloroethane, trichloroethytene, tetrachloroethytene and o-dichlorobenzene, mixed sol- 
vents thereof with phenol, as well as dimethylformamide, dimethylacetamide, dimethyl sulfoxide and N-me- 

20 thylpyrrolidone. The concentration of the solution greatly differs depending on the viscosity of the polymer 
used, but usually it is in the range of 5% to 50%, preferably 10% to 50%. The solution is then applied onto a 
light transmitting substrate such as a light transmitting glass sheet or plastic sheet or film which has been sub- 
jected to an orientating treatment. How to perform the orientating treatment is not specially limited if only the 
molecules of the liquid crystalline polymer are oriented in parallel with the interface. A preferred example is a 

25 glass sheet or film with rubbing-treated polyimide obtained by applying a polyimide onto a substrate followed 
by rubbing treatment. 

As the polymer solution coating method there may be adopted spin coating method, roll coating method, 
slot coating method, slide coating method, printing method, or dipping/pulling-up method. After the coating, 
the solvent is removed by drying and then heat treatment is performed at a predetermined temperature for a 

30 predetermined time to complete a nematic or twisted nematic orientation of monodomain. In the case where 
the heat treatment for the orientation and that for the heat polymerization are performed at a time, a higher 
heat treatment temperature is preferred, particularly in comparison with the heat treatment merely for orien- 
tation, in order to assist the orientation based on an interface effect and accelerate the heat polymerization. 
In the case where the temperature is too high, since some polymers have an anisotropic phase in a high tenv 

35 perature portion, there will not be obtained orientation even if heat treatment is performed in this temperature 
region. Thus, it is desirable to select a heat treatment temperature in accordance with the characteristics of 
the polymer used so that the temperature is above the glass transition point of the polymer and below the 
transition point to an isotropic phase and it permits the polymerization of the liquid crystalline polymer to pro- 
ceed, Generally, the heat treatment temperature is in the range of preferably 100 0 to 350°C, more preferably 

40 1 50° to 300°C. The time required for attaining a satisfactory orientation in the state of liquid crystal on the align- 
ment film and the time required for imparting a sufficient heat resistance to the resulting optical element differ 
depending on the composition and molecular weight of the polymer used and a desired heat resistance and 
so cannot be determined sweepingly, but are preferably in the range of 30 seconds to 120 minutes, more pre- 
ferably 60 seconds to 100 minutes. A time shorter than 30 seconds may result in deficiency in both orientation 

45 and heat resistance, and a time longer than 120 minutes is not desirable because the productivity will be de- 
teriorated, For attaining a satisfactory heat resistance in a short heat treatment time, the heat treatment may 
be conducted under reduced pressure, or a polymerization catalyst may be incorporated in the liquid crystalline 
polymer. The same effect can be obtained also by applying the polymer in a molten condition onto a substrate 
which has been subjected to an orientating treatment and thereafter applying a heat treatment thereto. 

50 The oriented state thus obtained can be fixed as it is by subsequent cooling to a temperature below the 
glass transition point of the liquid crystalline polymer. Generally, in the case of using a polymer which has a 
crystal phase in a lower temperature portion than the liquid crystal phase, the orientation in the state of liquid 
crystal is destroyed by cooling. According to the optical element producing process in question, since there is 
used a polymer having glass phase under the liquid crystal phase, the orientation in the state of liquid crystal 

55 can be fixed completely without occurrence of such phenomenon. The cooling speed is not specially limited. 
A mere transfer from the heated atmosphere into an atmosphere held below the glass transition point of the 
polymer permits the orientation to be fixed. Forced cooling such as air cooling or water cooling may be per- 
formed for enhancing the production efficiency. 
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In the process of the present invention, moreover, the heat treatment for imparting heat resistance to the 
resulting optical element may be conducted separately from the heat treatment for orientating the liquid crys- 
talline polymer. Further, these heat treatments may be performed in a plural number of times. More particu- 
larly, the same effect as above can also be attained even by providing a plurality of heat treatment vessels 
5 and first orientating the liquid crystalline polymer and thereafter imparting heat resistance to the sample in a 
high temperature vessel, or by once cooling the sample after orientation of the liquid crystalline polymer to fix 
the orientation in the state of liquid crystal and thereafter performing the heat treatment for imparting heat 
resistance to the sample. In this case, during the orientating treatment, a high heat treatment temperature is 
preferred for assisting the orientation based on an interface effect But a too high temperature should be avoid- 
to ed. Since some polymers have an isotropic phase in the high temperature portion, it is desirable that the heat 
treatment be carried out at a temperature above the glass transition point of the polymer used and below the 
transition point to the isotropic phase and in accordance with the characteristics of the polymer. Generally, 
the heat treatment temperature in question is in the range of preferably 50° to 300°C, more preferably 100° to 
250°C. The time required for obtaining sufficient orientation in the state of liquid crystal on the alignment film 
75 differs depending on the composition and molecular weight of the polymer used and cannot be determined 
sweepingly, but it is preferably in the range of 10 seconds to 60 minutes, more preferably 30 seconds to 30 
minutes. If the time in question is shorter than 10 seconds, the orientation obtained may be unsatisfactory, 
and a longer time than 60 minutes will result in deterioration of the productivity. The same state of orientation 
can be obtained also by applying the polymer in a molten condition onto a substrate which has been subjected 
20 to an orientating treatment, followed by heat treatment 

The thus-oriented sample is then heat-treated at a heat polymerization proceeding temperature of the liq- 
uid crystalline polymer, whereby heat resistance can be imparted to the sample without impairing the oriented 
state thereof. The heat treatment for imparting heat resistance to the sample may be conducted subsequently 
to t he heat treatment for orientation or after fixing of the orientaion by once cooling the sample which has been 
25 subjected to the heat treatment for orientation to a temperature below the glass transition point of the polymer. 
In general, this heat treatment is conducted at a temperature in the range of preferably 100 ° to 350°C, more 
preferably 150° to 300°C, and it is desirable that this heat treatment temperature be higher than the temper- 
ature of the heat treatment for only orientation, but a too high temperature is not desirable. Since some poly- 
mers have an isotropic phase in a high temperature portion, the treatment in this temperature region is not 
30 preferable because it wilt be impossible to maintain the oriented state obtained. Consequently, it is desirable 
that the heat treatment in question be performed at a polymerization proceeding temperature of the liquid crys- 
talline polymer used and below the transition point to the isotropic phase and in accordance with the charac- 
teristics of the polymer. 

The time required for the impartment of heat resistance differs depending on the composition and molec- 

35 ular weight of the polymer used and a desired heat resistance, so cannot be determined sweepingly. But it is 
preferably in the range of 10 seconds to 60 minutes, more preferably 30 seconds to 30 minutes. If it is shorter 
than 10 seconds, a satisfactory heat resistance may not be attained, and a time longer than 60 minutes may 
result in deteriorated heat resistance. In order to attain a satisfactory heat resistance in a short heat treatment 
time, the heat treatment may be carried out under reduced pressure, or a polymerization catalyst may be in- 

40 corporated in the liquid crystalline polymer. 

The thus-oriented sample is then cooled to a temperature below the glass transition point of the polymer, 
whereby the orientation can be fixed without impairment at all. Generally, in the case of using a polymer having 
a crystal phase in a lower temperature portion than the liquid crystal phase, the orientation in the state of liquid 
crystal is destroyed by cooling, According to the process of the present invention, the orientation in the state 

45 of iiquid crystal can be fixed completely without occurrence of such phenomenon because the polymer used 
has a glass phase under the liquid crystal phase. The cooling speed is not specially limited. A mere transfer 
from the heated atmosphere into an atmosphere held at a temperature below the glass transition point of the 
polymer permits fixing of the oriented state. For enhancing the production efficiency there may be adopted a 
forced cooling such as air cooling or water cooling. 

so According to the second heat-resistant optical element producing process of the present invention, in an 
optical element producing method basically involving transfer of a liquid crystalline polymer layer formed on 
an orientating substrate onto a light transmitting substrate, the liquid crystalline polymer layer is heat-treated 
at a polymerization proceeding temperature of the polymer at at least one of the stages of:(a) during the ori- 
entating treatment, (b) after fixing of the orientation obtained and (c) after the transfer. 

55 As the orientating substrate used in this optical element producing process there may be used any sub- 
strate which has the ability to orientate the liquid crystalline polymer used, has predetermined heat resistance 
and resistance to solvents and further possesses releasability which permits separation of the liquid crystalline 
polymer. The orientability as well as required heat resistance, resistance to solvents and releasability differ de- 
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pending on the kind and properties of the liquid crystalline polymer used, so the orientating substrate to be 
used cannot be determined sweepingly, but as typical examples there are mentioned sheet- or plate-lfce sub- 
strates such as metallic plates, e.g. aluminum, iron and copper plates, ceramic plates, enameled plates and 
glass sheets, with rubbing-treated polyimide film, polyvinyl alcohol film or obliquely vapor-deposited film of 

5 silicon oxide formed on the substrate. Other examples include substrates obtained by directly rubbing the sur- 
faces of films or sheets of such plastics as polyimide, polyamide-imide, polyether-imide, polyamide, polyether 
ether ketone, polyether ketone, polyketone sulfide, polyether sulfone, polysulfone, polyphenylene sulfide, 
poiyphenylene oxide, polyethylene terephthalate, polybutyfene terephthalate, poiyacetal, polycarbonate, ac- 
rylic resin, polyvinyl alcohol, cellulosic plastics, epoxy resin, and phenolic resin. Rubbing-treated polyimide or 

10 polyvinyl alcohol films formed on such films or sheets are also examples of the orientating film (substrate). 
Among these plastic films or sheets, some of those which are highly crystalline are endowed with the liquid 
crystalline polymer orientating ability merely by being stretched uniaxially. Such films or sheets can serve as 
orientating films as they are even without subjecting them to a rubbing treatment or applying thereto an align- 
ment film of polyimide after rubbing treatment Examples are polyimide, polyether-imide, polyether ether ke- 

15 tone, polyether ketone, polyphenylene sulfide, and polyethylene terephthalate. 

When viewed from the working efficiency in the transfer step, highly flexible alignment films are preferred, 
so particularly preferred alignment films are those obtained by directly rubbing films or sheets of such plastics 
as polyimide, polyethylene terephthalate, polyphenylene sulfide, polyether ether ketone, polyether ketone, 
polyether-imide and polyvinyl alcohol. 

20 Onto the alignment film described above is applied the liquid crystalline polymer, followed by drying and 
heat treatment to form a uniform nematic or twisted nematic structure of monodomain, then heat-treatment 
is applied to the liquid crystalline polymer layer to impart a sufficient heat resistance to the same layer, followed 
by cooling to fix the orientation in the state of liquid crystal without impairment thereof, and subsequent transfer 
of the liquid crystalline polymer layer onto a light transmitting substrate affords the optical element according 

25 to the second aspect of the present invention. 

Other conditions than those for the transfer and related conditions, such as coating, drying and heat treat- 
ment, are the same as in the production of the optical element according to the first aspect of the invention 
described above. 

Also in the second optical element manufacturing process, the heat treatment for the impartment of heat 
30 resistance may be performed separately from the heat treatment for orientating the liquid crystalline polymer, 
and these heat treatments may be conducted in a plural number of times. The same effect as above can be 
attained also by performing the heat resistance imparting heat treatment after the transfer of the liquid crys- 
talline polymer layer onto the light transmitting substrate, even without conducting the same heat treatment 
on the orientating substrate. 

35 In this way there is obtained a film having a layer of the optical element of the invention on the orientating 
substrate. Now, the method for transfer onto another light transmitting substrate will be described. First, the 
surface of the liquid crystalline polymer layer of the film and another light transmitting substrate are stuck to- 
gether using an adhesive or a pressure-sensitive adhesive. Next, the liquid crystalline polymer layer is peeled 
off at the interface of the orientating substrate and the liquid crystalline polymer layer and it is alone transferred 

40 onto the other light transmitting substrate. 

As examples of such light transmitting substrate there are mentioned plastic films having transparency 
and optical isotropy, in addition to various glass sheets. Examples of such plastics include polymethyi metha- 
crylate, polystyrene, polycarbonate, polyether sulfone, polyphenylene sulfide, polyarylate, polyethylene ter- 
ephthalate, amorphous polyolef in, tri acetyl cellulose and epoxy resin. Particularly, polymethyi methacrytate, 

45 polycarbonate, polyether sulfone, polyarylate, triacetyl cellulose, amorphous polyolef in and polarizing film are 
preferred. It is also possible to tranfer the liquid crystalline polymer layer to a substrate portion of an apparatus 
or device which has such substrate as part thereof. 

The adhesive or pressure-sensitive adhesive for sticking together the light transmitting substrate and the 
liquid crystalline polymer layer is not specially limited provided that it is of an optical grade. For example, those 

50 prepared using acrylic resin, epoxy resin, ethytene-vinyl acetate copolymer, or rubber, are employable. The 
separation of the polymer layer from the orientating substrate may be done manually, but the use of a mech- 
anical means permits the transfer to be effected more completely. Since releasability differs depending on the 
properties of the liquid crystalline polymer and orientating substrate used, there should be adopted a method 
most suitable for the system used. 

55 As mentioned previously, the heat treatment for the impartment of heat treatment may be done after the 
transfer of the liquid crystalline polymer layer onto the light transmitting substrate. In this case, a high heat 
treatment temperature is preferred for accelerating the heat polymerization of the liquid crystalline polymer 
layer, but a too high temperature should be avoided because some polymers have an isotropic phase in a high 
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temperature portion and hence the heat treatment in this temperature region will make it impossible to maintain 
the oriented stae. It Is therefore desirable that the heat treatment be performed at a polymerization proceeding 
temperature of the liquid crystalline polymer and below the transition point to the isotropic phase in accordance 
with the characteristics of the polymer used. Generally, the heat treatment temperature is in the range of pre- 
5 ferably 100 0 to 350°C, more preferably 150° to 300°C, The time required for the impartment of a satisfactory 
heat resistance differs depending on the composition and molecular weight of the polymer used and a desired 
heat resistance, so cannot be determined sweepingly, but it is preferably in the range of 10 seconds to 60 min- 
utes, more preferably 30 seconds to 30 minutes, If it is shorter than 10 seconds, there may not be attained a 
satisfactory heat resistance, and if it is longer than 60 minutes, the productivity will be deteriorated. In order 
w to attain a satisfactory heat resistance in a short heat treatment time, the heat treatment may be conducted 
under reduced pressure, or a polymerization catalyst may be incorporated in the liquid crystalline polymer, 

The oriented film thus obtained is then cooled to a temperature below the glass transition point of the liquid 
crystalline polymer, whereby the orientation can be fixed without impairment at all, Generally, in the case of 
using a polymer having crystal phase in a lower temperature portion than the liquid crystal phase, the orien- 
ts tation in the state of liquid crystal is destroyed by cooling. According to the process of the present invention, 
since there is used a polymer having glass phase under the liquid crystal phase, the orientation in the state 
of liquid crystal can be fixed completely without occurrence of such phenomenon. The cooling speed is not 
specially limited. By a mere tranfer from the heated atmosphere into an atmosphere held at a temperature be- 
low the glass transition point of the polymer, the orientation is fixed. For increasing the production efficiency, 
20 there may be conducted a forced cooling such as air cooling or water cooling. 

The first and second optical elements thus produced according to the present invention possess a high 
heat resistance while maintaining the characteristics of the optical elements using the liquid crystalline poly- 
mer. Therefore, the degree of freedom expands in point of working environment, secondary processing and 
mounting to devices, and thus the optical elements according to the present invention are extremely useful in 
25 the field of optics or opto-electronics. Particularly, in the field of displays, they contribute to the improvement 
of contrast and brightness of liquid crystal display units to be mounted on vehicles and projection type liquid 
crystal display units. By the use of the optical elements according to the present invention, moreover, the lim- 
itation on the maximum temperature in the manufacturing process is mitigated at the time of mounting to optical 
or display devices. Thus, the optical elements according to the invention are of an extremely high industrial 
30 value. 

Examples 

The following examples are given to further illustrate the present invention, but it is to be understood that 
35 the invention is not limited thereto. The following analyzing methods were used in those examples. 
(1) Determination of Polymer Composition 

Polymer is dissolved in deuterated chloroform or deuterated trif luoroacetic acid and the polymer com- 
position is determined using 1H-NMRof 400 MHz (JNM-GX400, a product of Japan Electron Optics Lab- 
oratory Co., Ltd.). 
40 (2) Determination of Inherent Viscosity 

Determined in a mixed phenol/tetrachloroethane solvent (60/40 weight ratio) at 30°C using a Ubbe- 
lohde's viscometer. 

(3) Determination of Liquid Crystal Phase Series 

Determined by measurement using DSC (DuPont 990 Thermal Analyzer) and observation using an 
45 optical microscope (BH2 Polarizing Microscope, a product of Olympus Optical Co., Ltd.). 

(4) Determination of Twist Angle and A n d 

Determined by analyzing data obtained according to a polarization analysis method with respect to 
twist angle and data obtained using an ellipsometer with respect to A n d. 

50 Example 1 



0 0 



55 
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There was prepared an 18 wt% solution of the polymer (inherent viscosity: 0.13) of formula (1) in phenol/tet- 
rachloroethane (60/40 weight ratio). This solution was cast using a screen printer, onto a glass plate having 
a size of 15 cm x 23 cm and a thickness of 0.1 cm and having a rubbing-treated polyimide layer, then dried, 
heat-treated at 280°C for 60 minutes and thereafter cooled to fix a uniform nematic structure of monodomain. 

5 The optical element thus obtained had a A nd of 0.92 urn, and the inherent viscosity of the polymer was in- 
creased to 2.2. Then, a silicone-based hard coating material was applied onto the liquid crystalline polymer 
surface of the optical element, followed by setting and heat treatment at 120°C for 60 minutes to harden the 
hard coating material. Even after the heat treatment for hardening the hard coating material, the optical ele- 
ment had a uniform nematic structure of monodomain, and there was recognized no change in optical para- 

10 meter. 

Example 2 

There was prepared an 1 8 wt% solution of t he polymer (inherent viscosity: 0. 1 3) of formula ( 1 ) in phenol/tet- 
15 rachtoroethane (60/40 weight ratio). This solution was cast, using a screen printer, onto a glass plate having 
a size of 15 cm x 23 cm and a thickness of 0.1 cm and having a rubbing-treated polyimide layer, then dried, 
heat-treated at 1 80°C for 30 minutes and thereafter cooled to fix a uniform nematic structure of monodomain. 
Then, a further heat treatment was performed at 290°C for 45 minutes. The optical element thus obtained had 
a A n d of 0.93 urn, and the inherent viscosity of the polymer was increased to 2.8. Using a polyvinyl butyral 
20 sheet as an intermediate layer and also using another glass plate, the optical was subjected to a pressure- 
bonding under heating at 140°C and 14 kgf/cm 2 for 20 minutes. The resultant glass laminate had a high trans- 
parency and there was recognized no change in optical parameter. 

Example 3 

25 
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There was prepared a 1 5 wt% solution of the polymer mixture (inherent viscosity of a base polymer: 0.1 8, 
that of an optically active polymer: 0.15) in phenol/tetrachloroethane (60/40 weight ratio). This solution was 
applied, using a roll coater, onto a 50 |im thick polyether sulfone film having a size of 15 cm x 23 cm and having 
a rubbing-treated polyimide layer, to form a coating, followed by drying, heat treatment at 1 80°C for 30 minutes 
and subsequent cooling to fix a uniform twisted nematic structure of monodomain. Thereafter, a further heat 
treatment was performed at 190°C for 60 minutes under a reduced pressure (0.05 mmHg). The optical element 
thus obtained has a twist angle of -230° and a A n d of 0.84 urn, and the polymer inherent viscosity was in- 
creased to 1.6. Then, a silicone-based hard coating material was applied onto the liquid crystalline polymer 
surface of the optical element by a spray coating method, and after setting, the hard coating material was hard- 
ened by heat treatment at 120 °C for 60 minutes. Even after this heat treatment, the sample still had a uniform 
twisted nematic structure of monodomain and there was recognized no change in optical parameter. 
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Comparative Example 1 

There was prepared an 18 wt% solution of the polymer (inherent viscosity: 0.13) of the formula (1) in phe- 
noi/tetrachloroethane (60/40 weight ratio). This solution was cast, using a screen printer, onto a 0.1 cm thick 

5 glass plate having a size of 1 5 cm x 23 cm and having a rubbing-treated polyimide layer, then dried, heat-treated 
at 180°C for 30 minutes and then cooled to fix a nematic structure. The optical element thus obtained had a 
A nd of 0.94 urn and the polymer inherent viscosity was little changed. Then, a silicone-based hard coating 
material was applied onto the liquid crystalline polymer surface of the optical element by a spray coating meth- 
od, and after setting, the hard coating material was hardened by heat treatment at 1 20°C for 60 minutes. After 

10 this heat treatment, the orientation of the liquid crystalline polymer layer was disturbed and a monodomain 
structure was not maintained. 

Comparative Example 2 

15 There was prepared an 18 wt% solution of the polymer (inherent viscosity: 0.13) of the formula (1) in phe- 
nol/tetrachloroethane (60/40 weight ratio). This solution was cast, using a screen printer, onto a 0.1 cm thick 
glass plate having a size of 1 5 cm x 23 cm and having a rubbing-treated polyimide layer, then dried, heat-treated 
at 180°C for 30 minutes and thereafter cooled to fix a uniform nematic structure of monodomain. The optical 
element thus obtained had a A n d of 0.94 jim and the polymer inherent viscosity was little changed. Using a 

20 polyvinyl butyral sheet as an intermediate layer and also using another glass plate, the optical element was 
subjected to pressure-bonding at 140 °C and 14 kgf/cm 2 for 20 minutes. The resultant glass laminate was opa- 
que and the uniform nematic structure of monodomain was destroyed completely. 

Comparative Example 3 

25 

There was prepared a 1 5 wt% solution of the polymer (inherent viscosity of a base polymer 0.1 8, that of 
an optically active polymer 0.15) of the formula (2) in phenol/tetrachloroethane (60/40 weight ratio). This sol- 
ution was applied onto a 50 ^m thick poiyet her sulfone film having a size of 1 5 cm x 23 cm and having a rubbing- 
treated polyimide layer, using a roll coater, to form a coating, then dried, heat-treated at 180°C for 30 minutes 

30 and thereafter cooled to fix a uniform nematic structure of monodomain. The optical element thus obtained 
had a twist angle of -225° and A n d of 0.84 urn. The polymer inherent viscosity was little changed. Then, a 
silicone-based hard coating material was applied onto the liquid crystalline polymer surface of the optical ele- 
ment by a spray coating method, and after setting, the hard coating material was hardened by heat treatment 
at 1 20°C for 60 minutes. After this heat treatment, t he sample no longer had t he uniform twisted nematic struc- 

35 ture of monodomain. 

Example 4 

There was prepared a 17 wt% solution of the polymer (inherent viscosity: 0.18) of the formula (1) in phe- 
40 nol/tetrachloroethane (60/40 weight ratio). This solution was applied, using a gravure roll coater, onto a 100 
urn thick polyether ether ketone (PEEK) film having a size of 15 cm x 23 cm and which had been subjected 
to a rubbing treatment directly, to form a coating, followed by dryign, heat treatment at 270°C for 60 minutes 
and subsequent cooling to fix a uniform nematic structure of monodomain. Then, using a UV curing type acrylic 
adhesive, a 50 \jxd thick polyether sulfone (PES) film of the same size was bonded onto the liquid crystalline 
45 polymer layer formed on the PEEK film. Thereafter, the PEEK film which had been used as an orientating sub- 
strate was peeled off slowly, allowing the liquid crystalline polymer layer to be transferred onto the PES film. 
The optical element thus obtained had a A n d of 0.82 urn and the polymer inherent viscosity was increased 
to 1.9. Then, a silicone-based hard coating material was hardened by heat treatment at 120°C for 60 minutes. 
Even after this heat treatment, the optical element had a uniform nematic structure of monodomain and there 
so was recognized no change in optical parameter. 

Example 5 

There was prepared a 1 7 wt% solution of the polymer (inherent viscosity: 0.1 8) of the formula (1 ) in phe- 
55 nol/tetrachloroethane (60/40 weight ratio). This solution was applied, using a gravure roll coater, onto a 75 ^m 
thick polyimide (PI) film having a size of 15 cm x 23 cm and which had been subjected to a rubbing treatment 
directly, to form a coating, followed by drying, heat treatment at 1 80°C for 30 minutes and subsequent cooling 
to fix a uniform nematic structure of monodomain. Thereafter, a further heat treatment was performed at 290°C 
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for 45 minutes. The liquid crystalline polymer layer of the optical element thus obtained was bonded onto a 
glass plate using an epoxy adhesive and then the PI film which had been used as an orientating substrate 
was peeled off slowly, allowing the liquid crystalline polymer layer to be transferred onto the glass plate. This 
optical element had a A n d of 0.80 um and the polymer inherent viscosity was increased to 2.9. Then, using 
5 a polyvinyl butyral sheet as an intermediate layer and also using another glass plate, the optical element was 
pressure-bonded under heating at 140°C and 14 kgf/cm 2 for 20 minutes. The resultant glass laminate had a 
high transparency and there was recognized no change in optical parameter. 

Example 6 

10 

There was prepared a 1 5 wt% solution of the polymer mixture (inherent viscosity of a base polymer 0.1 8, 
that of an optically active polymer: 0.15) of the formula (2) in phenol/tetrachloroethane (60/40 weight ratio). 
This solution was applied, using a roll coater, onto a 50 *im thick PEEK film having a size of 15 cm x 23 cm 
and which had been subjected to a rubbing treatment directly, to form a coating, followed by drying, heat treat- 

15 ment at 1 80°C for 30 minutes and subsequent cooling to fix a uniform twisted nematic structure of monodomain. 
The liquid crystalline polymer layer of the optical element thus obtained was bonded onto a polyaryiate (PA) 
film using an epoxy adhesive and then the PEEK film which had been used an orientating substrate was peeled 
off slowly, allowing the liquid crystalline polymer layer to be transferred onto the PA film. Thereafter, the thus- 
transferred film was again heat-treated at 190°C for 60 minutes under a reduced pressure (0.05 mmHg). This 

20 optical element had a twist angle of -230° and a A n d of 0.84 *im. The polymer inherent viscosity was increased 
to 1 .6. Then, a silicone-based hard coating material was applied onto the liquid crystalline polymer surface of 
the optical element by a spray coating method, and after setting, the hard coating material was hardened by 
heat treatment at 120°C for 60 minutes. Even after this heat treatment, the sample retained the uniform twisted 
nematic structure of monodomain and there was recognized no change in optical parameter. 

25 

Comparative Example 4 

There was prepared a 17 wt% solution of the polymer (inherent viscosity: 0.18) of the formula (1) in phe- 
nol/tetrachloroethane (60/40 weight ratio). This solution was applied, using a gravure roll coater, onto a 100 

30 urn thick polyether ether ketone (PEEK) film having a size of 15 cm x 23 cm and which had been subjected 
to a rubbing treatment directly, to form a coating, followed by drying, heat treatment at 180°C for 60 minutes 
and subsequent cooling to fix a uniform nematic structure of monodomain. Then, a 50 um thick polyether sul- 
fone (PES) film having the same size as that of the PEEK film was bonded onto the liquid crystalline polymer 
layer of the optical element thus obtained, using a UV curing type acrylic adhesive. Thereafter, the PEEK film 

35 which had been used as an orientating substrate was peeled off slowly, allowing the liquid crystalline polymer 
layer to be transferred onto the PES film. This optical element had a A nd of 0.84 ^m and the polymer inherent 
viscosity was little changed. Then, a silicone-based hard coating material was applied onto the liquid crystalline 
polymer surface of the optical element by a spray coating method, and after setting, the hard coating material 
was hardened by heat treatment at 1 20°C for 60 minutes. After this heat treatment, the orientation of the liquid 

40 crystalline polymer layer was disturbed and the monodomain structure was not retained therein. 

Comparative Example 5 

There was prepared a 17 wt% solution of the polymer (inherent viscosity: 0.18) of the formula (1) in phe- 
45 nol/tetrachloroethane (60/40 weight ratio). This solution was applied, using a gravure roll coater, onto a 75 um 
thick polyimide (PI) film having a size of 15 cm x 23 cm and which had been subjected to a rubbing treatment 
directly, followed by drying at 180°C for 30 minutes and subsequent cooling to fix a uniform nematic structure 
of monodomain. The liquid crystalline polymer layer of the optical element thus obtained was bonded onto a 
glass plate using an epoxy adhesive and then the PI film which had been used an orientating substrate was 
50 peeled off slowly, allowing the liquid crystalline polymer layer to be transferred onto the glass plate. This optical 
element had a A n*d of 0.80 um and the polymer inherent viscosity was little changed. Then, using a polyvinyl 
butyral sheet as an intermediate layer and also using another glass plate, the optical element was pressure- 
bonded under heating at 140°C and 14 kgf/cm 2 for 20 minutes. The resultant glass laminate was opaque and 
the uniform nematic structure of monodomain was destroyed completely. 

55 

Comparative Example 6 



There was prepared a 1 5 wt% solution of the polymer mixture (inherent viscosity of a base polymer: 0.1 8, 
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that of an optically active polymer 0.15) in phenol/tetrachloroethane (60/40 weight ratio). This solution was 
applied, using a roll coater, onto a 50 urn thick PEEK film having a size of 15 cm x 23 cm and which had been 
subjected to a rubbing treatment directly, to form a coating, followed by drying, heat treatment at 180°C for 
30 minutes and subsequent cooling to fix a uniform twisted nematic structure of monodomain. The liquid crys- 

5 talline polymer layer of the optical element thus obtained was bonded onto a poiyarylate (PA) film using an 
epoxy adhesive and then the PEEK which had been used as an orientating substrate was peeled off slowly, 
allowing the liquid crystalline polymer layer to be transferred onto the PA film. This optical element had a twist 
angle of -225° and a A n d of 0.85 urn. The polymer inherent viscosity was little changed. Then, a silicone-based 
hard coating material was applied onto the liquid crystalline polymer surface of the optical element by a spray 

10 coating method, and after setting, the hard coating material was hardened by heat treatment at 120°C for 60 
minutes. After this heat treatment, the sample no longer had the uniform twisted nematic structure of mono- 
domain. 

As set forth hereinabove, since the process for producing a heat-resistant optical element using a liquid 
crystalline polymer according to the present invention can impart a high heat resistance to the optical element 
15 while maintaining the characteristics of the same element, the degree of freedom of the optical element ex- 
pands In point of working environment secondary processing and mounting to devices, and thus the process 
of the present invention is of an extremely high industrial value in the fields of optics and opto-electronics. 



20 Claims 

1. A process for producing a heat-resistant optical element comprising a light transmitting substrate, an align- 
ment film formed on said substrate, and a layer of a heat-poiymerizable liquid crystalline polymer which 
exhibits a nematic orientation or a twisted nematic orientation in the liquid crystal phase and which as- 

25 sumes a glassy state at a temperature below a liquid crystal transition point of the polymer, characterised 

in that said liquid crystalline polymer layer is heat-treated during an orientating treatment, after fixing of 
the orientation obtained or both during an orientating treatment and after fixing of the orientation obtained, 
said heat-treatment being carried out at a temperature high enough for the polymerization of the liquid 
crystalline polymer to proceed. 

30 

2. A process for producing a heat-resistant optical element, involving transferring a layer of a heat- 
polymerizable liquid crystalline polymer formed on an orientating substrate onto a light transmitting sub- 
strate, said liquid crystalline polymer exhibiting a nematic orientation or a twisted nematic orientation in 
the liquid crystal phase and assuming a glassy state at a temperature below a liquid crystal transition point 

35 of the polymer, characterised in that said liquid crystalline polymer layer is heat-treated at at least one of 

the stages of: during an orientating treatment; after fixing of the orientation obtained; and after the trans- 
fer, said heat-treatment being carried out at a temperature high enough for the polymerization of the liquid 
crystalline polymer to proceed. 

4, 3. The process of claim 1 or claim 2, wherein the liquid crystalline polymer is a main chain type liquid crys- 
talline polymer having twisted nematic orientability. 

4. The process of claim 1 or claim 2, wherein the liquid crystalline polymer is a main chain type liquid crys- 
talline polymer having optical activity. 

45 5. The process of claim 1 or claim 2, wherein the liquid crystalline polymer comprises a main chain type liquid 
crystalline polymer which is not optically active and an optically active compound. 

6. The process of claim 5, wherein the optically active compound is a polymer. 

so 7. The process of claim 1 or claim 2, wherein the liquid crystalline polymer is a polyester containing ortho- 
substituted aromatic units as a constituent. 

8. The process of claim 1 or claim 2, wherein the heat treatment temperature is in the range of 1 00 ° to 350°C. 

55 9. The process of claim 8, wherein the heat treatment temperature is in the range of 150° to 300°C. 

10. The process of claim 1 or claim 2, wherein the heat treatment is performed for a period of time in the 
range of 10 seconds to 60 minutes. 

31 



EP 0 543 678 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Nttnber 

EP 92 31 0660 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with iadktrfon, wbert appropriate, 
of refavaat pataagca 



CLASSIFICATION OF THE 
APPLICATION Oat. CLS ) 



D.X 



EP-A-0 380 338 (NIPPON OIL) 

* page 19, line 36 - page 20, line 21 * 

* claims 1,2; examples 1,2 * 

EP-A-0 457 607 (NIPPON OIL) 

* page 17, line 7 - line 30 * 

* page 22, line 54 - page 23, Hne 32 * 

* claims 1-5; examples * 

EP-A-0 405 934 (NIPPON OIL) 



page 3, line 12 - line 19 * 

page 12, line 37 - page 13, Hne 15 

claims; examples * 



EP-A-0 402 103 (NIPPON OIL) 

* page 3, line 40 - page 5, line 35 
examples * 



The present seardi resort has been drawn tin for dl daims 



1.4,5, 
8-10 



1,3-5, 
7-10 



1,3-6, 
8-10 



1.4,5, 
7-10 



G02F1/1335 



TECHNICAL FIELDS 
SEARCHED flat. O S ) 



G02F 



Piece iriiRk 

THE HAGUE 



15 FEBRUARY 1993 



PUETZ C. 



CATEGORY OF CITED DOCUMENTS 

X : particularly raltvut if takes aloe* 
Y : particularly rdcvut if coabisctf with 

aooiMcat of the saat category 
A : technological nacfcpwBtl 
O : ton-written iitdostre 
P : .nttTMtaJttt tocsneat 



T : thmrj or principle unierlylng tat invention 
C : earlier pattat aootmest, but pubushtt oa, or 

ifter tho filing late 
D : tocunttat dteo la tot application 
L : document dCoo for otto reasons 



ofthti 



s pattat funltj, co .responding 



32 



